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Introduction 

Extraterreotriaf observaths  of the solar corona outside of eclipse 
is Ehited by the presence of seray light within the coromgroph. The 
domiriaant: part of th is  stray Eig5.i: arises frm instrmcntal scattering, 
b ~ l t  in 8 space t peculiar added sources of undesired radiance 
are to be coat These iaclude flucresccnce and scintillation 
of t h e  glass lens elements due to short wave and high ene.rgy par7ilicle 
radiation, 
a problem under these conditions, 

Discoloration of the priclary Gbjective might also p m u e  to be 

The swcess of HAO's AWO coronagraph systen is depeEdent ~ p o n  tile 
It is the purpose of this  menorandun tc rainbization of these effects. 

defirie the factors which are most l ikely to concern us in this connection. 
and to provide, as a f i r s t  step 3-n the investigation of ttrese phencnena, 
a bibliography of the information presently available in tFa %iter;t.ae 
to which XAO personnel have access, 
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Definitions 

(1) Luminescence 

Ldnescence is  a general term, used t o  describe l igh t  emission that 
CSPM~ be direct ly  attr ibuted t o  the temperature of the d t t i w  body. 
Various types of ltrmlnescence my be dist lngufshed by attacking a prefix 
bohich suggests the source of the exciting energy that  gives r i s e  to  the 
emission. 
mineseerice induced in the glass envelopes of cathode ray tubes, 

An example is the f d l i a r  cathodoldnescence or elecerouolu- 

(2) Fluorescence and Phosphorescence 

~aany substances continue to luminesce for an extended period a f t e r  
the exciting energy is shut off. The delayed l igh t  emission is generally 
called phosphorescence; the l i gh t  emitted during the period of excitation 
is generally called fluorescence. The laminous clock faces are well-lcnown 
examples of the former ef fec t  while the purple glow of quartz Ur'der ult ra-  
v io le t  radiation is i l l n s t r a t ive  of the l a t t e r .  

I n  an exact sense this classification based on persistance of the 
afterglow is not meaningful because i t  depends on the time resolution of 
the detector used to  observe the luminescence. Hence, more precisely, 
fluorescence has a l so  been defined as a luminescent anission having an 
afterglow duration f i c h  is temperature independent. 
may then be defined as a ltrmjlneeceace with an afterglow duration which 
becomes shorter with increasing temperature. 

Phosphorescence 

For our purposes the first definitions a re  ent i re ly  adequate. 

(3 ) Th ermo l d n e  scence 

T h e m l d n e s c e n c e  i s  a term used broadly to  mean any luminescence 
appearing i n  a materFal due t o  rhe applfcation of heat, 

Hany s o l i d s  contafn one or m r e  types of "centers" tha t  can t rap  
electrons, If s ~ c h  a naterjlal is exposed t o  l i gh t  of sufficiently short: 
wavelength, free electrons are produced within the solid and some of 
these may be trapped. If the potential well of the t rap is suff ic ient ly  
large, the electron cannot escape unless the temperature i s  raised. 
heat is applied, however, it say acquire s*jEficient thermal energy t o  
escape and resu l t  in a delayed luminescence. 

If 

3AO has proposed to protect the AOSO coronagraph optics from meteor 
pitting by usirrg a protecttve doez or shield, ghich w i l l  clcse when 'ihe 
system is inoperative. If t h i s  sh ie ld  is not qsape  to x-rayso this ef€ect 
m y  be of hportance i n  the AOSO mplicatlon. 

-, 
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(4) Scint i l la t ion 

as they return to their normal energy s t a t e  after ionization or excitation 
by charged particles or x-rays comprise the phenosenon of scint i l la t ion.  
This is a fluorescent effect .  

The flashes of light from radiation enitted by atoms of a material 

( 5 )  Solarization 

discoloration which is produced i n  glasses ciue to prolonged exposure to 
sunlrt&t. Host common is  the formatton of a deep violet  t i n t  fn ordinary 
glass. 
insertion of a broad-bad optical  f i l t e r  whose deusity varies w i t h  time. 

In the context of this memorandrrm, solarization is  the well-known 

Serioua solarfzation of optical elements is equivalent to  the 

An investigation of the fnfluence of these phenomena on the operation 
of the orb i ta l  coronagraph must consider the extent to  which the preseace 
of ultraxxlolet radiation, x-rays, and cosmic rays induces the follawfng . 

detrimental effects: 

1. Fluoreaceace of femes, drrorss and other glass elements. 

2. Thenaoldnescence of the objective due t o  temperature 
rise rrpon renosal of the shield and camencement of 
operation. 

3. Scint i l la t ion in the optical elements. 

4, Solarization of the lenses. 
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I, General References 

(1) E. Hirschlaff 
lfFluorescence and Phosphorence" 
&emical Publishing Co. of New Pork, Inc. 
New 'Pork, 1938 

Library n d e r  53503 
H977f 

A general, quali tative discussion of fluorescence with emphasis on 
i t s  theory and characterist ics i n  solids and liquid solutions. 

(2) H. W. Leverenz 
I ' A n  Introduction t o  the Ldnescence  of Solids" 
J. Wiley am? Sons, Inc. New York, 1350 

Lfbrary rider 535.3 
w77i 

This book constitutes Z ~ R  extensive Ciscussion of Ldnescence, with 
considerable s t r e s s  on the influence of atonic and molecular structure 
on the phenomenon. 
phosphors. 

Particular attention is given t o  a r t i f i c i a l  (man-made) 

(3) P, Pringsheim 
"Fluorescence and Phosphorescence" 
Pnterscience Publishers, Inc. 
New York, 1949 w 

P74 
Library number 4 75 

A detailed and sophisticated discussion of v i r tua l ly  a l l  phases of 
lminescence, t h i s  book provided, when published, a complete survey 
of the f ie ld .  
glasses and a n d e r  of isolated references t o  t h i s  subject. 

There i s  a brief section on the general luminescence of 

(4) P. Prfngsheim and PI. Vogel 
llLuninescence of Liquids and Solids" 
Interscience Publishers, Inc. 
iiles York, 1943 

Library r d e z  535.3 
P9369. 

The authors provide a quali tative arid bas5.c discussion of fXuorescence 
in general. 
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( 5 )  F, Seitz and D. Turnbul l  (eds,) 
*'Solid State Physics,t1 vul. 5, 97, 1957 
Academic Press, hc. New York 1957 

QC 

SA 77 
Lgbrary number 173 v.5 

This article provides a relatively recent, concise discussion of 
luminescence i n  solids. 

XI. Effects of Short Wave and Particle Radiation 

( 6 )  Perry 8 .  Alers 
Wffects of Gamma Radiation on Cer ium Bearing 

YOSA Sl, 1251, 1961 
Phosphate Glasses" 

This paper cites the resu l t s  of an investigation of the discoloration 
induced i n  glass by exposure t o  gama radiation and the extent t o  which the 
presence of Cer ium suppresses the effects of the radiation. 

(7) 8yrpganws?uqra and (klw 
Vormation Of Color Centers i n  Sodium Si l ica te  

and Quartz Glasses d e r  the Action of 
Gampa Radiations1 

Optics and Spectroscopy - 12, 151, 1962 

This paper describes an irzwestigation of the dependence of the intensity 
of induced absorption bonds i n  fused quartz and sodium s i l i c a t e  glasses on 
the gama-radiation dose. 

( 8 )  Kerster and Dwight 
"Phosphorescence of Glass Solarized by Soft X-rays" 
YOSA, L 24, 285, 1934 

The phosphorescence induced in soda-lime-magnesia window glass by 
exposure t o  soft x-rays i s  neasured by the darkening of photographic film, 

(9) Rreidl, No 3. 
"Recent Studies of the Fluorescence of Glass" 
JOSA, - 35, 249, 194.5 

The character and intensity of fluorescence depends upon: (I)  wave- 
leagth of incident uv. radiation, (ii) glass compositfon, (iii) structural  
changes i n  the glass due t o  heat treatments, 

This paper treats i n  sm~? detail the effects of the atomic structure 
ar?d constituents OR fluorescence. 
and freqirency &crease markedly with icerewire P b O  content 

'IF- s r m m  end f l i r i t  glasses9 the intensity 
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(10) N. J, a t e i d l  and J. R, Hensler 
llGaunm Radiation Insensitive Optical  Glassest1 
Y W ,  47, 73, 1957 

Specially developed optical glasses maintain their  transparency d e r  
intense gama ray exposures. 
The paper points out that cerium is also effectfve against solarization 
by w and x-rays. 

Cerium is used t o  resist the discoloration. 

(11) Linwood and W e y l  
'The Fluorescence of Manganese i n  Glasses and Crystals1t 
JOSA, 32s 443, 1942 

The presence of sl ight  impuri ty  traces of manganese i n  technical 
glasses produce a deep purple t i n t  i n  the glass upon exposure t o  sunlight 
(solarization). This paper gives empirical data on the dependence of 
fluorescence on a t d c  structure, composition and temperature, It was 
found that  increasing the percentage of manganese ceused the fluorescence 
to  f i rs t  increase, and then decrease. This is  a f a i r ly  generally resul t ,  
t r u e  for most constituents, and is called 11puenching1t2 

(12) G. s. Monk 
'The Coloration of optical  Materials by High Energy 

Argotme National Laboratory Report ANL-4536 
July 31, 1950 

Radiations" 

This is a pertinent discussion of empirical investigations into the 
discoloration and fluorescence of many glasses. 
discussion of the means of inhibiting these effects. 

There is  considerable 

(13) Newkirk and Bohlin 
"Reduction of Scattered Eight i n  the Coronagraph" 
Applied Optics, 2, 131, 1963 

Glasses containing sonewhat loosely bound ions of boron, barium, 

Good 
and lead within the Si02 nemork of the glass have strong absorption i n  
the 2000 to 3000 Angs t rom region, and show strong fluorescence, 
coronagraph lens glasses from the standpoint of scattering nay be ruled 
out due t o  strong fluorescence: 
glasses. 

e.g., BSC-2 glass, CaF2, LF-4, Ba-SFS 

(14) Nyswander and Cohn 
9feasurenents of Thermoluminescence of Glass 

Exposed t o  Light1* 
JOSA, 20, 331, 1930 

After lung exposures to srzrrlight, glass  m y  become discoloured t o  
an extent vhich deperrds on the glass composition and duration of exposure. 
By heating such exposed glasses t o  temperatures zbwe l O O O  C very marked 
lunincscence ( thermldnescence)  may be observed 'In sorse cases such 
luminescence can be detected a f te r  only 2 days exposure, 
coloration is evident in about 2 weeks. 

The f i r s t  
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(15) Wick and Slattery 
'*Thermo3&nescence Exci tea by X-Raystt 
JOSA, - 16, 398, 1928 

The authors find t ha t  x-rays caused sulphates of cadmium, sodium 
and zinc with s l igh t  amotznts of reang;anese t o  give rise t o  bright 
luminescence vpon heating t o  T=lOO°C. 
a l l  the materials were a t  least sl ight ly  phosphorescent a t  roam temperature. 

After exposure to  the x-rays, 

The induced themlurninescence was of two types: (1) the intensity 
rises quickly to a maximm upon heating, and rapidly decays. 
intensi ty  r i s e s  slowly, but l a s t s  much longer than type (1). 

(2) the 

Exposure t o  the x-rays caused same materLa3.s t o  fluoresce under w 
radiation, that  did not pr ior  t o  exposure. 
effects  might apply t o  glasses is not stated. 

The extent t o  which these 

1x1. The Measurement of Fluorescence 

(16) W. Budde 
IiA Photoumltliplier C i r c u i t  for Precision Spectrophotometry*s 
Applied Optics, - 3, 69, 1964 

A circuit ks descrfbed which allows precision measurements of the 
anode current of photomultipliers, 
precision of - + 0.02 per cent was obtained. 

Using an @€I 95f8B photomultiplier, 

(17) Burdett and Jones 
"%%e Photoelectric Measurement of Fluorescent: Spectra" 
SOSA, - 37, 554, 1947 

A n  attachment is described which permits the measurement of fluorescence 
spectra with the Becknan spectncophotoaeter, 

(18) H&e, Heidel and Fassel 
*%easraement of Fluorescent Spectra of Liquids 

JOSA, - 43, 400, 1953 
with a PWified Becknaan DU Spectrophotometer" 

A description is given of an attachment for the BecIcnan DU 
Spectrophotometer for measrsL5ng the fluorescent spectra emitted by 
l iquids  and solutions 

(19) ?lo Ooha 
"Note on the Photometry of Fluorescent Eb.terlalsft 
JOSA, 53, 879, 3.963 

,4 simple optical  diagram is given for CL'ne measureaent of fluorescence, 
utilizing a p5ot:ocel.l as detector, 
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(20)  Price, Perret t i ,  Schwartz 
"Sensi t ive Fluor ophotonae t er s" 
YOSA, 39, 1053, 1949 - 

A ser ies  of special sensitive fluorophotmeters were developed, 
u t i l i z ing  an H mercury arc as source and the IP 21 Photomultiplier as 
a detector, These are discussed i n  this a r t i c l e .  

(21) 6. R. Price 
**The Design and Construction of Sensitive 

Argonne Hat%onal Laboratory Report ANLr41S.3 
Fluorophotometers91 

This is a detailed report describing general principles of fluorescence 
detection and including a quite complete description of the methods a& 
components for the actual construction of a sensitive detector. 

(22) Ray P. Teele 
'Photometer for Luminescent Efaterials" 
YO!%, 35, 373, 1945. 

This paper describes an optical camparison photometer, basically 
simple and buildable. 

IV. References Unavailable in the HA0 or Math-Physics Libraries 

(23) L. Brrminghaus 
"On the Red Fluorescence of Glass" 
J, de Physique, L 2 (7), 398, 1931 

(24) El, Curie 
Vhosphor escent Glasses" 
Trans. Faraday Society 35, 114, 1939 

(25) D. Dobischek 
"Properties of Luminescent Glasses" 
Thesis, University of Berlin (1934) 

(26) N. Y. Kreidl and J. R. Hensler 
J. Bm. Ceram. SOc. - 38, 423, 1955 

In addition, a final reference concerning ultraviolet  transmitting 
glass should be included, because of the possibi l i t ies  ogfered by such 
inaterials. 
first absorb the excfting radiation. ConsequeEtPy, the possibil i ty of 
using glasses or other materials transparen2 i n  the ultraviolet  range 
should be investigated. 

It: is  we11 Iuzarn that i n  order to fliitxesce, a nat:er+Al must 

The pertinent reference is: 

(27) A, No Iiishay 
US travf ole  t Transnf t t i ng Gba s s" 

JOSa, !5J2 702, 1961 
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The foregoing references prwide a f a i r ly  complete bibliography of 

There seems t o  
the available, pertinent l i terature .  
informatfon that is direct ly  applicable t o  our problem. 
be no report available of studies on the bebviour of coronagraph-type 
Lens glasses under radiation conditions sirrmlating those exterior t o  the 
atmosphere. This is not surprising since the era of optical  experiments 
in space is really only a few years old and hence there has been l i t t l e  
motivation for  such specialized study. 
accomplished space experiments have been carried out i n  the v is ib le  
portion of the spectrum. 

Unfortunately, they contain l i t t l e  

Furthermore, very few of the 


